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METHOD OP SCALING AN INTEGRATED CIRCUIT 

^ . ■ 

The present invention relates to a process by which the physical design or layout of an 
integrated circuit can be modified to meet a different set of design and manufacturing rules. 
This method involves analysing data of the esdsting integrated circuit to determine the scaling 
factor then altering the shapes in the original by scaling the data, scaling individual layers, 
adjusting the edges of shapes and swapping geometries and cells through a defined sequence, 
according to a process migration technique. 

It is known from, for example, US 5640497 to p^o^ade a method of redesigning layouts. 
However, such methods are not always effective. Hence it is an object of the present 
invention to provide a different process migration technique which may be described as 
''complex scaling" and which is applicable to the computer model of the . layout of any 
existing integrated circuit. By using this technique, the layout of a chip may be modified to 
be manufactured in any new pfoceiss and at any scale that meets the new design rules. 

The method is applicable to flat chip layouts and those containing design hierarchy, which 
may be defined as the placing of sub-cells into higher level circuits and these, in turn, being 
placed again. The hierarchy of the migrated chip matches the hierarchy of the original. 

According to the present invention, there is provided a method of scaling an integrated circuit 
comprising the steps of examining the existing layout to determine the amount by which the 
layout must be scaled, including determining variable geometry values; absolute geometry 
values; and a design grid, and carrying out one or more of gate width and length adjustment; 
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layer scaling; polygon edge adjustment; contact replacement; adjust overlaps; addition or 
removal of layers; cell swapping; and verification. 

An embodiment of the invention will now be more particularly described by way of example 
and with refb-cncc to the accompanying drawings,^ 

FiCTre 1 showsvcircuit hierarchy where-building blocks of circuitry^ a^^ 
larger blocks which can be placed again into yet larger blocks; 
Figure 2 shows variable rule examples, where geometry must be equal to or greater 
than a set distance and width; 
^ Figure 3 shows fixed geometry value examples, where geometry dimensions must 

equal a defined value; 
Figure 4 shows interco rmeci spacing; 



Figure 5 shows via geometries and arrays; - 
Figures;:6iV andN^iB show^ 

Figui-es^ViCtnd^ihbw general scalm^^ / ....... 

Figure 8 shows^CMOS^r^^ . . • 

Figure 9 shows CMOS tra^^^^ 
Figure laMust^ 
^ . F*g«« ll illustrates^^W^ 
Figure;12 -5hQvi«4^eF^^ 
. ^igwre 13 shows edge adjustment fo^^ 

Figure 14a shows contact shapes in a layout; . 

Figure 14b shows removing and replacing contact shapes; 
. figure 14c shows idcnti^^ 

Figure IS shows layer overlap; / ; 
Figure 16 shows new well defined around: e^^ 
Figure 17 shows routing information from m^^^ 
Figure 18a shbws cell swapping in^ 
Figure 18b shdv^ cell swapping 

FigurM9:shbwsfstai^ \_ , , . 
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The technique for modiiying the circuit involves a series of steps that scale the data and 
inodify the shapes contained within it to comply with a set of design niles that govern the 
manufacturing process for production of the finished chip. 

The techniques contained in this process will work for all components and connection 
geometries on a chip including, but not restricted to, MOSFET and bipolar transistors, 
resistors, capacitors and diodes. 

The input data for the process niigration can be any existing chip or IC layout or the 
intellectual property contained therein, in an industry standard format such as GDSH or GIF. 
These files will contain the data that makes up the chip and may include rectangles, 
polygons, paths, instances, aixays and labels. 

A modification sequence will include some or all of the foUowing;- 
Design analysis and scaling calculations; 
General scaling; 

Gate width and length adjustment; 

Layer scaling; 

Polygon edge adjustment; 

Contact replacement; 

Adjust overlaps; 

Addition or removal of layers; 
Cell swapping; 
Verification. 

In order to apply a factor to the general scaling calculations it is necessary to examine the 
existing layout to . determine the amount by which the layout must be scaled. There are three 
factors that must be taken into account in this process:- 

1. Variable geometry values; 

2. Absolute geometry values; 

3. The design grid. 
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Taking the first of these, namely variable geometry values, many of the design rules in an 
integrated- circuit mahu&cturing process are given as a minimum value and may be exceeded 
when designing the circuit. An example of this would be a rule that determines the spacing 
between two geometries on the same layer that is enforced to ensure that the two geometries 
do not merge together during nianufacture, - The spacingrmle^^^^ long as the, 

minimum value given is' not violatedr^v. 

: Exatnples- of variable geometry values inc^^^ 

Figure 2 shows variable rule examples, where geometry must be equal to or greater than a set 
tJistance and width. 

The second factor relates to absolute geometry values. Integrated circuit design rules usually 

"havefixe^^ Maf tffistbe^ 

usually applied to contact and yia holes^dJiat^p^ be 
met for ejich occurrence of these shapes: In addition, transistor sizes arc defined in the circuit 
net list and this must be matched-imthe layout.^ Failure to meet t^ values wiliresult in 
en-ors when checkmg. the; layout agai^ 

Examples^.of fixed values include cpntactr and - via size £Lnd 
capacitor si2es;fand'in jFigure^3, fixed :ge^ shownirwherer?^ 
. dimensions must equal a defined value. 

Finally, all integrated circuits are designed to have the coordinates of each shape as a 
multiple of a pre-defined grid. The scaling factor must take the new design grid into account. 
. . This can be accomplished , in two ways, by calculating -the scaling factor to- ensure that the 
' coordinates of all shapes in the scaled layout -fail oh grid, or snapping coordinates to grid' as 
they are scaled. All coordinates in the final chip must be placed on the defined design grid. 

The scale factor for any^process m%:ation^will.be calculated from th% the rules 

in the new«^manufacturing ^processr^specificatiote 

There are three distinct parts of a chip that can be the limiting factor in scaling the design and 



Recaived Zl-Jun-99 04:05prn Proin-01504 &251Z8 



To-THE PATENT OFFICE \ Page 07 



1^ UU5 



5 

the ratio of each must be calculated. . The largest of the three ratios will be defined as the 
limiting factor in scaling the chip. 

L Interconnect scaling. 

The width and spacing for each routing layer must be calculated as a ratio defined by> 
(new width + new spacing) / (old width + old spacing) 

Figure 4 shows interconnect spacing. 

2. Via size. 

^ The size of the fixed rectangles that make up the via holes between routing layers:- 
Max ( (new via 1 / old via 1) 

(new via 2 / old via 2) ) 

Figure 5 shows via geometries and eurays. 

3. Transistor geometry. 

The relative shrink of the shapes that make up the distance between two transistors in 
separate pieces of diffijsion:- 

New (2a 2b + 2c ^- 2d 4- e)/01d (2a + 2b -I- 2c + 2d -l-e) 

Figures 6A and 6B show CMOS transistor geometry. 

The maximum value derived &om these calculations will determine the scaling factor. This 
scaling factor must be rounded up to the next whole grid point, i.e. mod(scale grid)= 0. 

A fourth factor that may need consideration concerns circuits that contain resistors and 
capacitors. These need to be scaled depending on the values of the materials used to 
construrt them in the two manufacturing processes. Resistors and capacitors are defined by 
the value per square unit of the materials used in their construction. Tiie ratio of these values 
in the old and new manufacturing process is used to calculate the scaling factor for these 
circuit components. 
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Once the scaling factor has been determined, it is applied to each cell and geometry in the 
whole oh,p. Each coordinate is multiplied by the scaling factor to reduce the chip in' size 
while keeping the geometries and hierarchy of the chip intact. At this «age, the new chip 
will be Identical to the old in everything but scale. 

The scaling of geometries andeellsm^^^ 

In the general scaling process each shape,, within the layout will be adjusted relative to. the 
origin of the chip's axis, i.e. X = 0, y = 0. 

Figure 7 shows general scaling. • 



silicon, known as diffiision, and polysilicon or occasionally metal. When scaling the width 
and length of a transistor, it is^flpt.pq8sihle^^o^appl5^ an.absolutft^ pve^y.. division and 

polysilicon polygon thfough^the layout* Instead^thevdieEu'sion and pblysilicori that mike up 
the width and,lerigtIt:of the transi^^ pefeentage pf thc-transirtor^ and 

so. eaclv one:mu5t^bei^scalca.in tu^^ 

inyolves.the use of an edge-scaliiifemfethfad'thaf ^dentifid^ ^p 
each transistor's widtK and lengtiPand^ovitogith^^ adjustment 
caii be considered^as being; distinrt^^^^ 

The individual transistors are identified with a Boolean operation that places shapes over any 
area where polysilicon crosses difiusion.- These shapes wiU'form the basis-foi- the rest of the 
transistor si^ng.operaiions in a circuit containin^^ . 



Figure 8 shows CMOS transistor definition and value defin 



ition. 



The diffusion and pQlysllicon edgesithatvmake.up-.the-.transistor.^^^^^^^^ by a. 

pei-centase, pf 4h-e .gatfe vwdtH or . Ieng^^^^^^^ 
diffusion may «i*kS'UP^^PaasfransiStiSri^ 
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Figure 9 shows CMOS transistor edge adjustment. 



Some manufacturing processes may require transistor sizes to change by a differing amounts, 
depending on their original size or function in the circuit so an equivalence table may be used 
to adjust the scaling process to meet these restrictions. 

Once the entire layout has been scaled, each layer that makes up the design must be grown or 
shrunk to meet the design rules of the new manufacturing process. This is achieved with a 
technique called hierarchical layer scaling which can grow or shrink the shapes in the circuit. 

%A11 of the shapes on a layer are merged together, with a Boolean function before scaling to 
remove excess overlaps between shapes and maintain connections between shapes on the 
same layer. In order to maintain the electrical integrity of the circuit, the connections 
between shapes on the various layers must be maintained, even if these shapes occur at a 
different level in the hierarchy. If they become separated the circuit will not function, so it is 
essential that the layer scaler takes this into account. 

The problems of layer connectivity only occur when the layer in question is to be shrunk and 
the data contains hierarchy. By moving all of the edges of a shape inward, they will detach 
from the shapes in sub-cells and this will break the electrical connectivity in the circuit. 

Figure 10 is illustrative of layer shrinking breaking connectivity. 

In order to remedy this the shapes in the sub-cells are copied to the top level and merged with 
the data at that level before the shrink is applied. Once the shrinking process is complete, the 
shapes from the sub-cells are applied as a "cookie-cutter"' to remove any excess material. 

It is also possible to hold layer data to the edge of a cell which is defined by the bounding 
box of the cell's data or by a shape representing the boundary. Layout data may held on the 
boundary of the cell in the same manner as scaling connectivity. 

Figure 1 1 illustrates hierarchical layer shrink with connectivity. 
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In the example both shapes shrink but retain the connection between them. Only the non- 
connected edges are shuink. Further mles may be applied to the; layer scaler to restrict its 
operation to shapes that match given size rules, i.e. they are less than or greater than a given 
dimension. This allows data on the same layer to be scaled by dififering amounts. 

Figure 12 shdwslayer sizing by geometry width; In this example^vsegments. of the shape can 
be shrunk if theyrmeet sizexriteria. r.The shrunk segments stay attached to^ i^ large segment. 

In order to meet all of the design rules for the migrated, chip, it is necessary to make 
adjustments to parts of the shapes that make up the chip rather than the shapes as a whole. 
This can be described as "polygon edge adjustment which examines each veaex of a shape 
and adjusts it according to its position relative to other shapes in the layout. 

The edges to be adjusted may be defined by the shapes on an individual layer or identified for 
modification by Boolean Anctions:.to. define their ^unetipn in theicircuit - Oift^^his: has been 
determined, "the edges^ can be adjusted by an^ absolute value fi-om;their:eurrent position or. , 
relative to anotherj edge on the-same or a different layer. They may^also-be-adjusted by a 
percemage of th^ij^4istance.to anpther edge .OT 

Figure 13 sho^ySvedge^adyustment:^ 

All integrated circuit . layouts use contact and via holes in dielectric layers to allow routing 

layers to connect the circuit's components. These are typically square shapes with a size and 
spacing defined in the teclinology's design rules. . . 

Gontact and via shapes may be scaled, as abbVe/ Altera^ the. existing contacts and Vias 

are removed and replaced with arrays ofneW shapes conforming to the new design rules. 
These may either be cells that make up the contact as .a single, array ..ofshap.esfepr.a 
rectangles that covcr^thc. arca.^o^bc- eomw defiried^ough^^a. 'sequence, of 

Boolean functions that isolate^the^a^ea: to be cohhected^^ ?The new^^^ to the .new 

design mles by ^Qonst^xd;i6n:I:ather^ 

metal and polysilicon may be updated using the same techniques. 
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Figure 14a shows contact shapes in a layout; 

Figure 14b shows removing and replacing contact shapes; and 

Figure 14c shows identifying areas requiring contacts with Boolean functions. 



Certain layers in an integrated circuit's layout are required to overlap other layers by an 
amount defined in the design rules. These layers are forced to comply with the design rules 
through Boolean functions or through edge adjustment as defined above. 

Common examples- of layer overlap include polysilicon overlap of gate and metal overlap of 
contact. 

% . . . 
Figure 15 shows layer overlap. 

Variations between integrated circuit manufacturing processes may mean that some layers in 
the original chip need to be removed and others added. Examples of this would be implant 
layers or isolation wells. 

All shapes on superfluous layers are removed hierarchically. 

New layers are defined in relation to an existing layer, possibly in conjunction with another 
layer, e.g. place a well around a diffusion layer but only if it is crossed by polysilicon and 
makes a transistor. 

Figure 16 shows new well defined around existing diffusion. 

Data can also be promoted to new layers such as extra routing layers. Routing information 
may be promoted from an existing layer up to a new layer. This will allow the layout to be 
compressed to take advantage of the higher routing layer overlapping transistor data. 

Figure 17 shows routing information fi-om metal 1 promoted to metal 3. 

In addition to scaling data, the process migration system can remove entire ceils from the old 
layout and replace them with new cells. These new cells may come from an existing library 
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such as a library of standard cells, a layout generator such as a memory compiler; or they 
may come from a layout that has already been migrated to a hew process. . 

The new cells arc plugged in to the space in the layout vacated by the old cells and the shapes 
that foim tjlie corae(^ migration 
system can replace;^^^ 

Figure 1 8 a ihowsceU'swappin^^ 

Figure 1 8b shows cell swapping m . , . ' / • 

• ' €n replacing the cells, the system accounts for discrepance and signal names between 

' . - ; thie old cells and the new. This is done with a series of equivalence tables that track the 
. differences in names and swap the new name for the old whenever appropriate. Using this 
" technique,;- the, system can' swap cdls from different libraries Md m^ the intercprinect 
accordingly. . .. . 

Many chips, particularly those -containing^tandard cells; passi?rgepmetries^fbr> circuit 
, : connection^.bervs^en gaps; Hn nhe^;-circmt!s- 
"feedthrough pojts" and"^ 

^?^^^^^'^^^^^55^^^>^"^^ hayeno^directvbea^ 
and rthese connectibnsr^are 

crossing the new circuit components. '/ 

Figure 19 shows standard cells containing feedthrough pp^ , < ./ ; 

Once 4he cells have been swapped, extra routing may be ; added to fiU in any gaps between 
• • . . cbrhponenis to . ensure the electrical integrity of the cirbuit. It is also possible to -apply a 
CQmpaction program to the circuit to push the components together and remove any gaps 
between them^f^ Tlifere are a variety^of cpmpa:ctip^ 
^\ techniques^they employ ar^i^beypndlihj^^ . 

Once the entire circuit or a portion thereof i s . migrated, it Is verified using industry standard 
design took These will include a design m^^ 
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schematic system (LVS). These will ensure that the newly migrated chip conforms to the 
new design rules and has retained the integrity of the connections within the circuit. 

In addition, an interconnect timing analyser may be applied at any time to check the layout 
will perform correctly in the new manufacturing process. This may be applied after general 
scaling as a rough guide to the circuits performance in the new process, even though it does 
not conform to the new design rules. A more accurate simulation will be available once the 
migration process is complete. 

When the layout migration is completed and the new chip has passed verification, it may be 
^delivered in an industry standard format such as GDSn or CIF. 
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Figure 1- 
Circult hierarchy 
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Bunding blacks of a circuit arc placed in to lai^ger 
blocks wMdi can be piaccd again in to yet larger blocks. 



Figure 2. 
Variable Rule Examples 
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Figure 3. 
Fixed geometry values. 
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Figure 4. 
Inte r c o nne ct s p a c i n g. 




Figure 5. 
Via eeometrles and arrays. 
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CMOS TVanslstar Geometry. 
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W » Transistor widOi 
1. = Transistor length 



Fig 6b, 

Critical dimensions i^en scaling 
CMOS Transistor Geometries. 



^^^^ 



ii 



A C 




Rscaivad 21-Jun-B9 04:0Spin 



Frani-0t604 6261 Z8 



To-THE PATENT OFFICE 



Page 18 



THIS PAGE BLANK (USPTO) 




S/\3> 



y^^l^. 

General scaling of cells. 




ITevr dsnaasions 



. Old dimensiozis 



Scaled dblp. 
Scafin^ factor 



Figure -Tljr. 
Scaled shapes 
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Figure 8. 
CMOS Transistor De&dtioiL 
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A CTIOS trukduetcir is 
deSiaed as polysilicaii 
or BLetal ovcor di&xisioii 
seporalixtg two coimectitms 



Figure 9. 

CMOS IVaiisistor Edge Adjustment. 



ihe traxisistar's length. 
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Movxag tliese edges a^ju^ts 
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Figure 11. 

Hierarchical Layer Shrink With Comiectlvily . 
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Figure 12- 
r.ayer sizmg by geometry widtb. 




Oxi^nal 
shape 



shape, 




Segjnexxts oftiie skapo 
can lie vhrunk to cneet 
thfl sxEe cziceria. 



3a 

^ Dimension XZHa^ 
slinmktoX3« 
DiznezisiDii 3Q. is 
unaSTecied. 



The shrank segmexxts stay 
attached xo liiB lazier sogmimc. 
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Figure 13^ 
£dge A«|]iistmeiit for Translistors 




Atfnstiiig ail adne tbat 
deSnes a transistOT. 
TK& comet ed^e is 
scd«sc3ted £rom all of 
tkfl edges in tka 
shape. 




Adjusting an ed^e for 
uusuKman irraxlap of 
mnsistanc or cozitacts 



Figure 14. 
Contact removal and replacement. 



Old contact slices. New canCaict sluapes. Defmed area, for coAtacts. 




Old contacts are 
identUIed. 




Old contacts an 
removed and replaced 
'«ai3& new ones, ' 




Contacts are placed 
in an area dnfined hy 
boolean fonctipns. 
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Figure IS. 
DeBrwng.Tay^r Overlapu 




PoI^tsIHjctjn most ovexlap 
a iised iHstaace. 



Figure 16. 
Adding layers defined by ^sting layers. 



DiiKuiaain 
transistor 




DSfTosion ouxside 
transistDr 




Ifei7 layer is only added 
arfiuid tbe dLOruion iSiac 
is part of the transistor. 
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Figure 17. 
Moving routing data between layers. 
Metall "TVTBaW lia 




rnutiiifi 




Metal 3 



^otttm^ informatiim na metal 1 is pmmoced to z&eral 3^ 
«mdtho viM we Ranged McM^xik^^. 
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J^igure 18a ~ 
Cell Swapping in a Standard Cell Layout. 




The new cell nplHcas tiie old and the roatmg to the cozmecdcns 
A & B is opdataS to aew'positaans. 



• 




JData can be iqid&ted far i&dividTial ceHSg by ceR type 
or fat* all cells. Iho roTrtIng is up dftte d for each cell ma dified. 
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Figure 18b 
Cell Swapping in a TOnrte T^sed Layp irtv 




Figure 19. 
Standard Cells lA^th Feedthrough Ports. 




as afeedOuron^ 




Wheats cAll-is 
feedithraagtmutmsis adjusted 

to cross tho 3i0cv cbIL 
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